Information is slowly accruing about formed the basis of assessment of the the developmental morphology of the relationships of caecilians to other amskull of caecilians. Much of our current phibians and to other vertebrates (see knowledge is based on only a few stages De Beer, 1937) . Recently, however, for diverse taxa. One hundred years ago, Wake and Hanken (1982) described Sarasin and Sarasin (1887-90) and Peter skull development in the Central (1898) examined the Sri Lankan Ich-American caeciliid Dermophis mexicanus thyophis glutinosus, and provided much from a virtually complete series, allowinformation about the structure of the ing more extensive comparison among skull. Ramaswami (1941) also examined caecilians and among amphibians in I. glutinosus, and in addition provided general. crucial information about another Recent work in French Guyana has member of the family Ichthyophiidae, provided extensive material representUraeotyphlus narayani, as well as an ad-ing an additional family of caecilians, ditional Indian form, the caeciliid Ge-the Typhlonectidae. Typhlonectids are geneophis carnosus. Marcus and his stu-aquatic, restricted to northern and cendents, especially Marcus et al. (1935) tral South America, and are live-beardescribed development in the Sey-ers, so as with Dermophis mexicanus, colchelles caeciliids Hypogeophis rostratus lection of pregnant females at different and Grandisonia alternans, including the times of the year has yielded embryos ossification sequence. A major problem and fetuses at a number of stages of dewith these analyses is that they are velopment. Further, due to the work of based on very incomplete series, rarely Delsol et al. (1981) , Exbrayat (1983) , and more than two or three stages of devel- Exbrayat et al. (1981 Exbrayat et al. ( , 1982 on the reopment from which information about productive biology of Typhlonectes comchondrocranial or bone developmental pressicaudus and that of Wake (1977a, b, sequences can be gathered. Yet, the data 1980, 1982) on reproductive biology and of the Sarasins, Peter, and Marcus et al. development in diverse live-bearing species, we are able to assess the development of T. compressicaudus with greater understanding of caecilian biology. The comparison of development in livebearers from two different families should give information about the conservativeness and/or the diversity of developmental pattern in caecilians.
Sixteen specimens of Typhlonectes compressicaudus collected in French Guyana in 1979 and 1980 were cleared and differentially stained for bone and cartilage (Hanken and Wassersug, 1981) . The series includes 10 embryos and fetuses (16, 22, 32, 42, 45, 55, 65 [2] , 73, and 140 mm total length [TL]), two newborns (95 and 125 mm TL), two juveniles (194 and 208 mm TL), and two adults (307 and 362 mm TL). Unfortunately, all specimens except the newborns were fixed in Bouin's solution. Bone was therefore demineralized, so we cannot assess the sequence of ossification in this material. However, the chondrocrania and the hyoid apparatus are well stained, and some indications of bone development are present. We therefore are able to examine chondrocranium and hyoid apparatus development and the degeneration of the chondrocranium as it is replaced by bone, and to compare this species with data for others. Further, the newborns provide information about the state of 0s-sification at birth, and one of us (Wake) has fetuses and adults of this species from Amazonian Colombia and Brazil which provides additional information about ossification. 111-2 lDelsol et al., 19811) .-The chondrocranium is 2.7 mm long (Fig. 1A) . Trabeculae and parachordals are thin rods of cartilage, fused at their juncture. Parachordals are united posteriorly by a thin parachorda1 plate, which has an anterior projection under the brain that encloses the anterior end of the notochord. Preoptic, postoptic, and antotic pilae join the trabeculae and parachordals to the orbital cartilage, which is united posteriorly with the otic capsule. The orbital cartilage has an anterior projection, and the trabeculae a bifurcated anterior projection, but the nasal capsules have not yet formed. The otic capsules are very thin, the lateral rims only of thickened cartilage. A pair of occipital arches is well developed, and the otic capsules are weakly attached to them. The palatoquadrate is an irregularly shaped vertical rectangle, with indications of ascending and posterior processes. The stapes is a small cartilaginous rod, slightly free of the quadrate. Meckel's cartilage is stout, with a retroarticular process that is approximately one-fourth the length of the cartilage, and anteromedially the cartilage forms a large boss. Five to seven rows of tiny teeth are aggregated on the boss. Elements of the hyoid apparatus are present but unfused. A v-shaped basihyal is present; a pair of ceratohyal bars are developing beside, but not attached to, it. Posteriorly two pairs of ceratobranchial bars are initiated. They are widely separated medially.
DESCRIPTION

mm TL (Stage
22 mm TL (Stage 111-4).-The chondrocranium is much more fully developed. All of the structures described above are stouter, of heavier cartilage (Fig. lB, C) . The chondrocranium is 3.7 mm long. The otic capsules are better developed, and the medial walls are forming. Most noteworthy is the state of development of the nasal capsules ( Fig. 2A) . The anteromedial union of the trabeculae has formed the ethmoid plate, now a flat structure ventral to the forebrain. From it project the nasal capsules. The cartilagi obliquae form thin lateral rims, and the medial rim is irregular. The cupola anterior is incomplete dorsally and lies somewhat behind the strut forming the ventromedial rim of the cavsule. The solum nasi is stout, and from it the ventral floor of the capsule, the lamina transversalis, extends. The capsules are separate, so there is no septim nasi or : a = articulating facet of the palatoquadrate; ap = antotic pila; apr = ascending process; ca = cupola anterior; cob = cartilago obliqua; ep = ethmoid plate; f = frontal; ft = fetal teeth; If = lateral flange; It = lamina transversalis; m = Meckel's cartilage; mr = Meckel's cartilage remnant; mw = medial wall; mx = maxilla; nc = nasal capsule; npm = naso-premaxilla; nr = notochordal remnant; o = otic process; oa = occipital arch; oar = occipital arch rudiment; oc = otic capsule; or = orbital cartilage; orb = orbital cartilage remnant; p = parachordal; pn = pares nasi; pnp = prenasal process; pp = postoptic pila; pq = palatoquadrate; pr = preoptic pila; prt = parietal; ptp = pterygoid process; q = squamosal; s = stapes; ser = sphenethmoid remnant; sm = septomaxilla; t = trabecula; tt = trabecular plate; vmc = ventro-medial wall cartilage. Bar in all Figs prenasal process. The palatoquadrate has assumed definitive form (Fig. 3A) . It is a three-dimensional structure rather than a flat plate of cartilage. The ascending process curves dorsally and laterally, and has a lateral blade. The pterygoid process is pronounced. A descending process provides a more complex articulation with Meckel's cartilage than in the earlier stage. The stapes is continuous with the stapedial process of the palatoquadrate. The palatoquadrate is fused to the anterior end of the otic capsule near the top of the ascending process.
Meckel's cartilage is stouter and the articulating facet and the anterior boss are enlarged. Numerous rows of fetal teeth are arrayed in a plate on the boss, and the plate is beginning to extend posteriorly on the cartilage. The hyoid apparatus is also much larger and more nearly fused compared to the condition in the 16 mm specimen. The ceratohyal and ceratobranchial rods are longer, and ceratobranchial I (CB I) is stouter and of more densely staining cartilage than the other elements. The ceratohyals are not yet fused to the basihyal, and CB I and I1 are not fused medially. Ceratobranchial I11 (the fourth element of the apparatus) is fused medially, and is a flat, thick plate of cartilage. At its posteromedial end, it has incorporated CB IV, which extends medially. 32 m m TL (Stage 111-5).-This stage is notable for the more extensive development of the nasal capsules, and the inception of some degeneration of cartilaginous components of the chondrocranium, indicating the inception of both endochondral and dermal bone. The nasal capsules have added cartilage, especially to the medial wall and to the ventral and lateral components. The increase in size and forward projection of the nasal capsules, coupled with the enlargement of the otic capsules and the general growth of the head, results in a more elongate chondrocranium, in contrast to the rather round crania of the preceding stages. The parachordal plate is changed in shape, forming a rim around the notochordal extension, but reducing otherwise, except for the completion of the ventral floor between the otic capsules and the bases of the occipital arches. There is some degeneration of the orbital cartilage and trabecula at the level of the orbit. The palatoquadrate has begun to degenerate, and is free of the otic capsule (Fig. 3B) . The stapes in this specimen is free on the left side, fused to the palatoquadrate on the right (see Discussion). Meckel's cartilage is degenerated at its articulation with the palatoquadrate and in the retroarticular process. This probably indicates replacement by bone at the articulation, similar to the condition reported by Wake and Hanken (1982) in Dermophis. The hyoid apparatus is little changed from that of the 22 mm specimen. The chondrocranium is 4.5 mm long.
42 m m TL (Also Stage 111-5).-The anterior end of the chondrocranium continues to grow, whereas elements elsewhere begin to degenerate (Fig. ID, E) . The nasal capsules are virtually enclosed, open only dorsally and at the narial apertures. There is also a slight opening at the juncture of the lamina transversalis and the cartilago obliqua. The anterior rims of the capsules are of heavy cartilage. A flange of cartilage extends laterally from the orbital cartilage and the nasal capsule, roofing the orbit. The lateral wall of the braincase from the trabecula to the orbital cartilage and the nasal capsule is also formed of thin cartilage, so the anterior part of the chondrocranium is extensively cartilaginous-more so than any other caecilian reported (see Discussion below). The palatoquadrate has continued to degenerate, but in this specimen the posterior edge of the right palatoquadrate is fused to the otic capsule. The palatoquadrate cartilage is heaviest where the stapes abuts it, but the stapes is free. Meckel's cartilage is more degenerate, but the tooth plate bears several rows of teeth. The elements of the hyoid apparatus are more elongate, but not fused. The chondrocranium is 4.8 mm long.
45 mm TL (Also Stage 111-5).-The chondrocranium continues to degenerate medially and posteriorly. The otic capsules remain intact, as do the nasal capsules and the adjacent cartilaginous structure. The palatoquadrate has degenerated, except for its dorsal rim. The stapes is a cartilaginous rod with a footplate, lying free in the window of the otic capsule. The parachordal plate is much reduced, and the occipital arches are reduced. The ceratohyals are tenuously fused to the basihyal, and the ceratobranchials are thicker cartilaginous plates, but only CB 111-IV is fused medially. The posterior margin of the latter element is filled in with cartilage, obscuring the medial arm that is CB IV. The chondrocranium is 4.6 mm long.
55 mm TL (Stage IV-I).-The specimen is poorly fixed, and staining is affected. However, the chondrocranium is much degenerated, only the nasal and otic capsules, bits of other anterior elements, and of Meckel's cartilage remaining. The stapes and the hyobranchial apparatus are also cartilaginous.
65 mm TL (Stage IV-2).-Two specimens show considerable variation. In one, the cartilage is degenerate, much like the specimen described above. In the other, chondrocranial structure is much more extensive, though degeneration is clearly advancing. The postoptic pila and the adjacent trabecularparachordal base and the orbital cartilage above are absent; the lateral flanges behind the nasal capsules and the medial walls of the braincase are reduced. Trabeculae and parachordals are reduced in thickness, as are the otic capsules and the posterior parts of the nasal capsules. The occipital arches and posterior ends of Meckel's cartilages are degenerated, and the parachordal plate is represented only by a cartilaginous pad in the region of the notochordal extension. Random bits of cartilage occur in the otic capsules, and bits of the palatoquadrates are cartilaginous. Even in this demineralized specimen, alizarinstained bone remains in the articular component of the lower jaw and in the articular end of the quadrate, suggesting early and extensive mineralization (see Discussion). Ceratobranchials I are fused medially to the basihyal; the left ceratohyal is not yet fused. The chondrocranium is 5.2 mm long.
73 m m TL (Stage IV-2).-This specimen is similar to the more degenerate 65 mm specimen described above, and adds no additional information.
95 mm TL (Stage IV-3).-This newborn specimen was well fixed in neutral buffered formalin, so yields information about the state of ossification at birth, but herein we emphasize the state of the remaining chondrocranial components. The nasal capsules retain cartilaginous anterior rims that project beyond the naso-premaxillae-a condition that persists throughout life. Bits of cartilage remain at the anterior end of the lower jaw, suggesting a Meckel's process or mento-Meckelian cartilage as in frogs. There is no cartilaginous prenasal component of the mesethmoid, as is present in many adult caecilians; this is simply a correlate of the fact that the nasal capsules are widely separated throughout their development, and a septum nasi and prenasal process never develop in this species (see Discussion below). Most of the dermal and endochondral bones are well formed, but some information about ossification stages can be determined. Neither the dorsal shelf of the maxilla nor the squamosal are complete. Large independent septomaxillae are present. The vomer also is not fully formed, particularly the posterior struts. There is not a free ectopterygoid. None of the dermal investing bones of the skull overlap at their borders, save a bit of the vomer and palatine with the complex os basale. Fusions of naso-premaxillae and maxillo-palatine are extensive. The os basale, incorporating both endochondral and dermal components (see Wake and Hanken, 1982) , is complete. A large temporal fossa between squamosal and parietal is present; this will close little more during adulthood. A massive plate of fetal teeth is present on the lower jaw of this newborn; a single row of germs of adult teeth is found on the maxillarynaso-premaxillary rim. The hyoid apparatus is cartilaginous, and the ceratal elements are broader. Ceratobranchial I1 is still not fused medially; the ceratohyal-basihyal fusion is still weak. The skull is 7.0 mm long.
125 mm TL (Stage IV-3).-The structure of the skull of this formalin-fixed larger newborn is very similar to that described above. There are some modifications of the dentition. The large fetal tooth plate is still present on the lower jaw, but composed of a reduced number of rows (8-10, rather than 11-14), and a row of small teeth of adult shape and arrangement is present lingually. Also, there has been more growth of some of the dermal bones, particularly the maxillary and the squamosal. The septomaxillary is large and not yet fused to the maxilla. The cartilages of the anterior ends of the nasal capsules are very large, especially laterally. The skull is 8.1 mm long.
140 m m TL (Stage IV-2).-This very large fetus is particularly instructive with regard to the state of the chondrocranium near birth. It is preserved in Bouin's, with resultant demineralization of bone. However, excellent staining of vestiges of cartilage allows a determination of the chondrocranial components that are last to break down, for they are not shielded by alizarinstained bone (Fig. 4) . It is therefore clear that all of the posterior part of the chondrocranium, including the otic capsules and the stapes, is replaced by bone. Vestiges of the orbital cartilages remain anterior and posterior to the orbits, and there are bits of the trabecular- parachordal base. There is a medial remnant of the cartilaainous ethmoid " plate. It does not have a vertical extension, however. The nasal capsules are much eroded posteriorly, and have irregular posterior borders. The anterior end of Meckel's cartilage remains cartilaginous as well. It is noteworthy that thislarge but unborn fetus has a fully adult dentition, with dentary and splenial rows on the lower jaw and maxillary-naso-premaxillary and vomeropalatine rows in the upper jaw. The hyoid cartilages are well formed, and CB I1 is finally fused medially in this 8.0 mm skull.
Chondrocranial morphology in Typhlonectes compressicaudus is largely similar to that of other species for which there are data. This rather complete ontogenetic series allows comparison with Dermophis mexicanus (Wake and Hanken, 1982) , the only other species for which there are similarly complete data. As noted above, this also allows comparison of two live-bearing species that have fetal teeth but are in different families. Information on the chondrocranium, or elements of it, is available for a few other species. As noted above, development in lchthyophis glutinosus was commented upon by Sarasin and Sarasin (1887-90) , Peter (1898) , and by Ramaswami (1941) . Further information about that species is provided by de Jager (1939) on the quadrate, and by Visser (1963) who examined skull morphology in I. glutinosus and I. monochrous. Visser had juvenile and adult specimens, and provided description of numerous elements of the skull, but did not State the sizes of his carefully compare cartilage reduction. Still. his work. varticularlv on the nasal
capsule, is useful. Ramaswami's work on Uraeotyphlus (1941) and on Gegeneophis (1948) has important information on chondrocrania, and that of Marcus et al. (1935) on Hypogeophis and Grandisonia remains basic. Els (1963) provided information on the nasal capsule of Schistornetopum thomensis as part of his description of the adult skull, and Brand (1956) did the same for Scolecomorphus uluguruensis. This work focusing on nasal capsules and quadrates provides for comparison among diverse species. Since much significant variation is seen in these structures among caecilians, we are pleased to add information about Typhlonectes compressicaudus. The chondrocranium of T. compressicaudus differs from that of other species in having rather more extensive nasal capsules and cartilaginous walls of the anterior part of the braincase, and in completely lacking a septum nasi and prenasal process throughout development ( Fig. 2A) . The ontogeny of the palatoquadrate and the stapes also differs in some respects from that reported for other species. We consider this analysis very tentative, however, for most of the data with which we are compar-ing ours are based on structure in adults and/or juveniles, with the describers inferring ontogeny, or on data from only a very few developmental stages, rather than complete ontogenetic sequences. For example, the extensively cartilaginous anterior part of the chondrocranium is a transitory feature, found in fetuses between 40 and 60 mm TL. However, the only comparable ontogenetic data that exist are for Dermophis mexicanus, and comparable stages are lacking for other species for which there is any information about the anterior end of the chondrocranium. Therefore we really cannot say whether the extensive structure of T. compressicaudus is the more typical condition, or whether the lack of such structure as in D, mexicanus is the standard mode of development (if there is a standard mode).
A number of features of the chondrocranium do characterize T. compressicaudus. The pronounced anteromedial boss of Meckel's cartilage and the fetal teeth arrayed as a plate composed of the fused pedicels of the teeth are typical of the genus (Wake, 1976 (Wake, , 1977a (Wake, , 1978 . The absence of a septum nasi, a prenasal process, and a lamina perpendicularis of the mesethmoid that extends between the nasal capsules all appear to be unique to the taxon. Brand (1956) makes a point of the lack of a prenasal process that extends anteriorly between the nasal capsules in Scolecomorphus uluguruensis, but that species has an elongate lamina perpendicularis, which never appears in T. compressicaudus. A prenasal process of the mesethmoid that remains cartilaginous throughout life characterizes D. mexicanus (Wake and Hanken, 1982) (Fig. 28 ) and many other species (Wake, unpubl.) . Despite the extensive development of the nasal capsules during ontogeny, their degeneration, but for the anterior rims, is complete. This is in apparent contrast to the condition in adults of lchthyophis glutinosus (Visser, 1963) and Scolecomorphus uluguruensis (Brand, 1956) , in which cartilago infranaria or cartilago obliqua and cartilago ectochoanali remain to connect the nasal capsule to a lamina orbitonasalis. Neither Brand nor Visser say whether the latter is ossified nor to what else it attaches (if anything), but Visser mentions that the lamina is absent in the region of the tentacle in the adult. This is the region represented in fig. 38 of his paper, as well as in fig. 4 , so we cannot interpret his conception of this element. The cartilaginous rims of the nasal capsules illustrated by Els (1963) for Schistometopum thomensis are clearly not attached to any part of the rest of the skull, but have a slender posterior-trailing cartilago obliqua. w e infer that the nasal sac is otherwise contained in bone, as in D. mexicanus (Wake and Hanken, 1982) and several other species examined with the technique used in this study by the senior author.
It is noteworthy that the nasal capsule conformation in T. compressicaudus superficially resembles that of salamanders and of some frogs during their development, particularly in the absence of the prenasal process (see figs. in De Beer, 1937, for examples) . However, the components giving rise to the overall shape and the pattern of their associations are different in Typhlonectes from those in the other amvhibian orders. We therefore consider this a very superficial sort of convergence, and cannot ascribe any functional properties to it. Presence of a prenasal process is the primitive condition in caecilians; Typhlonectes is a highly derived genus based on a diversity of characters, so we presume a secondary loss of the prenasal process.
The early degeneration of the palatoquadrate and the articular surface of Meckel's cartilage and the early mineralization of those components and of the fetal teeth is similar to the condition in D. mexicanus reported by Wake and Hanken (1982) , and may be characteristic of viviparous species with intra-oviducal feeding, as is the very presence of a species-specific fetal dentition as suggested by Wake (1977a Wake ( , b, 1980 Wake ( , 1982 . It should be noted that T. compressicaudus, and probably other typhlonectids, have an additional mode of intra-uterine nutrition during development, that of placental analogues of the ventral epidermis acting as an ectotrophoblast (Delsol et al., 1981) , and of the sac-like embryonic gills.
The shape of the palatoquadrate and its processes and its relation to the stapes are of much concern in the earlier literature on caecilian skull structure. Since most of this discussion relates to the shape of the ossified quadrate, which is not within the scope of this paper, we add little to the debate. However, we do note several aspects of the development of this structure. As had been reported for Ichthyophis glutinosus (de Jager, 1939 (de Jager, , 1947 and for Hypogeophis and Grandisonia (Marcus, et al., 1935) , the palatoquadrate is transitorily attached to the neurocranium (in Typhlonectes, to the anterior rim of the otic capsule, rather than to the taenia marginalis proper), and the stapes is transitorily attached to the palatoquadrate as the above authors report in their material. We do not consider this evidence for or against the question of hyoid or capsular origin of the stapes. We lack the critical earlier stages of development of the stapes, and infer that the other authors who have been concerned about this have not had the data either. The shape of the palatoquadrate in T. compressicaudus is much more like that of other caecilians for which there is information than it is like that of D. mexicanus. In D, mexicanus, the palatoquadrate .lacks ascending and basal processes, and the pterygoid process is very short. The element is a flat vertical plate. In T. cornpressicaudus, all of the processes are well formed but transitory, and the palatoquadrate has a three-dimensional shape at 22 mm TL (Fig. 3) .
We can add only a little information about ossification other than that already presented. It is clear that the stapes mineralizes late in ontogeny, typical of many species (see table 1 in Wake and Hanken, 1982) . A free septomaxilla is present at birth, fused later to the maxilla. As noted above, most of the other fusions typical of the Typhlonectes skull as noted by Taylor (1969) have occurred by birth. However, we have noted that much development of certain of the dermal investing bones remains to take place (maxillary shelf, squamosal blade, posterior processes of the vomer, etc.). The typhlonectid skull does not exhibit the overlap of dermal elements typical of adults of most of the terrestrial species (see particularly Wiedersheim, 1879; Taylor, 1969; Wake and Hanken, 1982) . Further, a large temporal fenestra between squamosal and parietal remains open. Whether this contributes to an actively kinetic skull, or whether it is a consequence of the aquatic mode of life, with reduced emphasis on burrowing in a dense substrate and concomitant release of binding of the skull elements to resist the shear and compression forces generated by burrowing, cannot yet be determined.
We conclude that the chondrocranium and hyoid apparatus of Typhlonectes compressicaudus develop according to a pattern typical of most caecilians for which we have any information. However, the completeness of the structure of the anterior part of the chondrocranium at the time of maximal chondrocranial development may be unique. The wide separation of the nasal capsules and the absence of a septum nasi and prenasal process may also be unique to Typhlonectes. Some aspects of the pattern of development, especially the fetal dentition and its early mineralization, and early mineralization of the jaw articulation components, may be related to the viviparous mode of development, with maternal nutrition and a prolonged gestation period.
Comparison of the ontogeny of the chondrocranium and hyoid apparatus of Typhlonectes compressicaudus with that of Dermophis mexicanus and with the developmental data for other species sug-gests a common, rather constrained pattern of development, but some features that are correlated with differences in reproductive mode and adult habits.
